esp@cenet document view 



1/1 ^— v 



LIQUID CRYSTAL DISPLAY DEVICE 



Patent number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 
- international: 



- european: 
Application number: 

Priority number(s): 



JP3280018 
1991-12-11 
HAYASHI HISAO 
SONY CORP 

G02F1/136; G02F1/1333; G02F1/1368; H01L21/336; 
H01L21/822; H01L27/04; H01L29/78; H01L29/786; 
G02F1/13; H01L21/02; H01L21/70; H01L27/04; 
H01L29/66; (IPC1-7): G02F1/136; H01L27/04; 
H01 L29/784 

JP1 9900081 707 19900329 
JP1 9900081 707 19900329 



Report a data error here 



Abstract of JP3280018 

PURPOSE:To assure the holding of the 
voltage to be impressed to a liquid crystal cell 
and to lower the driving electric power by 
forming the dielectric films of the additive 
capacitors of respective picture elements 
thinner than the gate insulating films of thin- 
film transistors (TFTRs) so that the capacity 
per unit area is larger than the gate capacity 
per unit area of the TFTRs. 
CONSTITUTION :The additive capacitors Cs of 
the respective picture elements are constituted 
by forming thin films for constituting the 
channels of the TFTRs 23 and thin films 
constituting gate electrodes 8 as both 
electrodes 25 and 27 and having the dielectric 
films 26 thinner than the gate insulating films 7 
of the TFTRs so that the capacity per unit area 
is larger than the gate capacity per unit area of 
the TFTRs. The voltage to be impressed to the 
liquid crystal is, therefore, surely held and 
since the gate capacity of the TFTRs 23 
decreases, the input capacity of a scanning 
circuit part is decreased and the driving 
electric power is decreased. The liquid crystal 
display device which can decrease the driving 
electric power and hold the voltage of the 
liquid crystal cell is obtd. in this way. 
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Specification 

Title of the Invention 

LIQUID CRYSTAL DISPLAY DEVICE 

Claim 

In an active matrix liquid crystal display device using thin film transistors, 

an additional capacitor of each pixel is arranged so as to have a thin film forming a 

channel of said thin film transistor and a thin film forming a gate electrode made as both 

electrodes, and a dielectric film thinner than a gate insulation film of said thin film 

transistor between both the electrodes, and to provide a capacitance per unit area as being 

larger than a gate capacitance per unit area of the thin film transistor. 

Detailed Description of the Invention 

[Technical Field to which the Invention Belongs] 

The present invention relates to an active matrix liquid crystal display device using 

thin film transistors. 



[Overview of the Invention] 
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The invention, in an active matrix liquid crystal display device using thin film 
transistors, provides an arrangement of an additional capacitor of each pixel so that the 
capacitance per unit area thereof is provided as being larger than gate capacitance per unit 
area of the thin film transistor, with a dielectric film of the additional capacitor made 
thinner than a gate insulation film of the thin film transistor. This allows to ensure keeping 
of a voltage applied to a liquid crystal cell, and along with this, reduces input capacitance in 
each scanning circuit section arranged with a thin film transistor to lower driving power 
thereof. 

[Prior Art] 

An arrangement of a pixel in an active matrix liquid ciystal display device is 
provided as shown in an equivalent circuit in Fig. 5, in which a liquid crystal cell (1) is 
provided with a switching thin film transistor (2) and an additional capacitor C\s„ with a 
source of the thin film transistor (2) connected to a signal line (3), a drain connected to a 
transparent pixel electrode of the liquid crystal cell (1), and a gate connected to a selection 
line (4). A specific structure is presented as shown in Fig. 6, in which there is formed on a 
transparent insulating substrate (5) of such a material as glass a polycrystalline silicon film 
(6) of a first layer forming a channel of a switching thin film transistor (2). On the 
polycrystalline silicon film (6), there is formed a gate electrode (8) of a polycrystalline 
silicon film of a second layer with a gate insulation film (7) put between them. A source 
region (6S) and a drain region (6D) are formed with a gate section between them. The 
gate electrode (8) shares its operation with the selection line (4). A first insulation film (9) 
is formed over the whole surface so as to cover the gate electrode (8). Through a contact 
hole of the first insulation film (9), the signal line (3) of Al, for example, is connected to the 
source region (6S). Furthermore, a second insulation film (10) is deposited to be formed 
over the whole surface. On the second insulation film (10), there is formed a transparent 
pixel electrode (11) of an ITO (indium tin oxide) film, for example, a part of which is 
connected to the drain region (6D) of the thin film transistor (2) through a contact hole 
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formed throughout the first and second insulation films (9) and (10), respectively. 
Moreover, the other transparent insulation substrate (14) of material such as glass is 
arranged opposite to the insulation substrate (5). Inside the transparent insulation substrate 
(14), there are formed a light shielding layer (12) at positions corresponding to an 
interconnection section (the section where there are selection line (4), the signal line (3), 
and the like) and the thin film transistor (2), and there is formed an opposite electrode (13) 
on the whole surface including the light shielding layer (12). Furthermore, a liquid crystal 
layer (15) is sealed in between the both of the substrates (5) and (14) to form a pixel. 

The additional capacitor Cs, although not shown, is formed with the polycrystalline 
silicon film of the first layer forming the channel of the thin film transistor (2) and the 
polycrystalline silicon film forming the gate electrode (8) sharing its operation with the 
selection line (4) (in Fig. 5, the selection line (4) provided around) made as both electrodes, 
and with an insulation film (generally an insulation film the same as the gale insulation film 
(7) of the thin film transistor (2)) between the electrodes made as a dielectric film. The 
additional capacitor Cs preferably has the largest possible capacitance because of its 
purpose of keeping the voltage applied to the liquid crystal cell (1). 

Meanwhile, in an active matrix liquid crystal display device using thin film 
transistors of polycrystalline silicon films, it is generally carried out that each horizontal 
scanning circuit and each vertical scanning circuit are integrally formed on the same 
substrate (5) on which the transparent pixel electrode (11) and the switching thin film 
transistor (2) are formed. 

[Problems that the Invention is to Solve] 

In the active matrix liquid crystal display device with the scanning circuit sections 
formed on the same substrate (5), the switching transistor (2) and the scanning circuit 
sections are formed with the same thin film transistors. Here, the scanning circuit section, 
being an inputting section of an external signal, preferably has smaller input capacitance of 
the transistor (gate capacitance) for making driving power preferably smaller. The thin 
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film transistor, however, when formed so that the inpul capacitance is made smaller, 
imposes restriction on the capacitance of the additional capacitor Cs of the pixel formed in 
the same process that forms the thin film transistor. 

In view of the foregoing, the present invention is to provide a liquid crystal display 
device in which input capacitance of a thin film transistor in the scanning circuit section is 
made small, yet capacitance of an additional capacitor of a pixel is made large to make it 
possible to reduce driving power and to keep a voltage of a liquid crystal cell. 

[Means for Solving the Problems] 

The present invention, in an active matrix liquid crystal disphiy device using ihin 
film transistors, arranges an additional capacitor Cs of each pixel so as to have a thin film 
forming a channel of the thin film transistor (2) or (23) and a thin film forming a gate 
electrode (8) thereof made as both electrodes, and a dielectric film (26) thinner than a gate 
insulation film (7) of the thin film transistor between 

both the electrodes (25) and (27), and to provide a capacitance per unit area as being larger 
than a gate capacitance of unit area of the thin film transistor. 

[Operation] 

According to the arrangement in the invention, the additional capacitor Cs of each 
pixel, being arranged with the dielectric film (26) thinner than the gate insulation film (7) of 
the thin film transistor (2) or (23), is allowed to have the additional capacitor with large 
capacitance, which can surely keep the voltage applied to the liquid crystal cell. 

While, in the thin film transistor (23), the gate insulation film (23) thereof, being 
formed as being thicker than the dielectric film (26) of the additional capacitor Cs, allows 
the thin film transistor (23) to be obtained with small gate capacitance, which reduces the 
input capacitance in the scanning circuit section to reduce the driving power. 

[Examples] 
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In the following, examples of the active matrix liquid crystal display device 
according to the invention will be explained with reference to the drawings. 

Figure 1. is an example showing a principal part ot the active matrix liquid crystal 
display device according to the invention, namely, a so-called active matrix substrate in 
which a transparent pixel electrode, a switching thin film transistor, an additional capacitor, 
a scanning circuit section, and the like are integrated on the same substrate. 

In Fig. 1, reference numeral (5) denotes an insulation substrate of glass and the like. 
On the substrate (5), in a pixel forming section (21), there are formed a switching thin film 
transistor (2), an additional capacitor Cs, and, although not shown, a transparent pixel 
electrode. Along with this, in a scanning circuit forming section (22) on the periphery, 
there is formed a thin film transistor (23) forming a scanning circuit section. Moreover, 
the switching thin film transistor (2) is arranged to have on the substrate (5) a 
polycrystalline silicon film (24) of a first layer, on which a gate electrode (<S) of a 
polycrystalline silicon film of a second layer (here, it shares operation with a selection line 
(4)) is formed with a gate insulation film (7) put between them. The polycrystalline 
silicon film (24) forms a channel, a source region (6S), and a drain region (6D), and the 
gate insulation film (7) has a specified film thickness tj. The additional capacitor Cs is 
arranged by providing a polycrystalline silicon film as one electrode (25), on which the 
other electrode (27) is formed with a dielectric film (26) put between them. The 
polycrystalline silicon film as the one electrode (25) is integrally formed with the drain 
region (6D) of the thin film transistor (2) so as to be continuous therewith, the dielectric 
film (26) has a film thickness t 2 (<t|) thinner than that of the gate insulation film (7) of the 
thin film transistor (2), and the other electrode (27) is made of a polycrystalline silicon film 
of the second layer forming the gate electrode (8). In the example, the oilier electrode 
corresponds to the selection line (gate electrode) on the periphery relating to the vertical 
direction. 

Meanwhile, the thin film transistor (23) forming the scanning circuit section is 
formed to be identical with the switching thin film transistor (2). which is arranged as 
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shown in the figure by forming on the polycrystallinc silicon film (24) of the first layer the 
gate electrode (8) of a polycrystalline silicon film of the second layer, with the gate 
insulation film (7) put between them. The polycrystalline silicon film (24) forms a 
channel, a source region (6S), and a drain region (6D), and the gate insulation film (7) has 
the same film thickness t, as that of the switching thin film transistor (2). Thus, an active 
matrix substrate (29) is arranged. Thereafter, as is normally carried out, there is disposed 
opposite to the active matrix substrate (29) the other transparent insulation substrale of 
material such as glass having a light shielding layer and an opposite electrode in the same 
way as that shown in Fig. 6 with a liquid crystal layer sealed between the both substrates to 
arrange the liquid crystal display device. 

Next, examples of manufacturing such active matrix substrate (29) will be shown 
from Fig. 2 to Fig. 4. . 

In the example shown in Fig. 2, as shown in Fig. 2A, the first polycrystallinc silicon 
film is first formed on the insulation substrate of material such as glass. The formed first 
polycrystalline silicon film is then patterned to form a common polycrystallinc silicon film 
(24^ which is to become the channel of the switching thin film transistor and the one 
electrode of the additional capacitor in connection with each other, and to form a 
polycrystallinc silicon film (24 2 ) forming the channel of the thin film transistor of the 
scanning circuit section on the periphery. Furthermore, on both of the polycrystalline 
silicon films (24,) and (24 2 ), an Si0 2 film (32) with a specified film thickness t, is deposited 
which is to become a gate insulation film. Next, as shown in Fig. 2B, a part ot the Si0 2 
film (32) in a part corresponding to the additional capacitor is subjected to selective etching 
through a resist mask (33) to form the dielectric film (2ft) of the Si0 2 film (32) with a film 
thickness t 2 thinner than the film thickness t, of the gate insulation film (7) of the Si() 2 film 
(32). Subsequent to this, with the resist mask (33) left as provided, ion implantation with 
As + (35), for example, is selectively carried out onto a polycrystalline silicon film (30) 
directly under the dielectric film (26) lo form the one electrode (25) of the additional 
capacitor. Following this, as shown in Fig. 2C, after the resist mask (33) has been 
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removed, a second polycrystalline silicon film (34) is formed over the whole surface. 
Then, as shown in Fig. 2D, the second polycrystalline silicon film (34) is patterned lo form 
the other electrode (27) of the additional capacitor, the gate electrode (8) of the switching 
thin film transistor (2), and the gate electrode (8) of the thin tilm transistor (23) ot (he 
scanning circuit section. Next, with the other electrode (27) and both of the gate 
electrodes (8) made as masks, ion implantation with As + (3ft), for example, is carried out to 
form the source region (6S) and the drain region (6D) of the switching thin film transistor 
(2). Along with this, there are formed the source region (6S) and the drain region (6D) of 
the thin film transistor (23) in the scanning circuit section. 

This allows to obtain the targeted active matrix substrate (29) formed with the 
switching thin film transistor (2) and the thin film transistor (23) of the scanning circuit 
section both having the gate insulation films (7) with the same thickness t u and the 
additional capacitor Cs including the dielectric film (26) with the film thickness t 2 thinner 
than the gate insulation film (7) and the electrodes (25) and (27) of polycrystallinc silicon 
films both putting the dielectric film (26) between them. 

In the example in Fig. 3, as shown in Fig. 3A, the polycrystalline silicon films (24,) 
and (24 2 ) are first formed on the substrate (5) like in Fig. 2 belore depositing on both of the 
polycrystallinc silicon films (24,) and (24 2 ) an insulation film with a three layer structure, 
that is, an SiO, film (38), an Si_,N 4 film (39), and an Si0 2 film (40), with the specified film 
thickness t w which is to become the gate insulation film. Next, as shown in Fig. 313, only 
the Si0 2 film (40) in the third layer in a part corresponding lo the additional capacitor is 
selectively removed by etching through the resist mask (33) to form the dielectric film (26) 
with a two layer structure of the Si0 2 film (38) and the S\^N A iilm (39) with a film thickness 
t 2 thinner than the film thickness t, of the gate insulation film (7) with the three layer 
structure. Subsequent to this, ion implantation with As + (35), for example, is carried out 
onto the polycrystalline silicon film directly under the dielectric film (26) to form the one 
electrode (25) of the additional capacitor. Following this, as shown in big. 3C, after the 
resist mask (33) has been removed, the second polycrystalline silicon film (34) is formed 
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over the whole surface. Then, as shown in Fig. 3D, the second polycryslallinc silicon film 
(34) is patterned to form the other electrode (27) of the additional capacitor, (he gate 
electrode (8) of the switching thin film transistor (2), and the gate electrode (8) of the thin 
film transistor of the scanning circuit section. Moreover, with the electrode (27) and both 
of the gate electrodes (8) made as masks, ion implantation with As + (3ft), for example, is 
carried out to form the source region (ftS) and the drain region (ftD) of the switching thin 
film transistor (2). Along with this, there are formed the source region (ftS) and the drain 
region (ftD) of the thin film transistor (23) in the scanning circuit section. 

Also in this way of manufacturing, the active matrix substrate (29) is obtained 
which is formed with the switching thin film transistor (2) and the thin film transistor (23) 
of the scanning circuit section both having the gate insulation films (7) with the thickness tj. 
and the additional capacitor Cs having the dielectric film (26) thinner than the gate 
insulation film (7). 

In the example in Fig. 4, as shown in Figs. 4A and 4B, the polycrystallinc silicon 
films (24^ and (24 2 ) are first formed on the substrate (5) like in the above examples. Then, 
on both of the polycrystalline silicon films (24,) and (24 2 ), an Si0 2 film (42) with the 
specified film thickness t,, which is to become the gate insulation film, is uniformly lormed 
over the whole surface. Moreover, the Si0 2 film (42) in a part corresponding to the 
additional capacitor is subjected to selective etching through the resist mask (33) to be 
thinned. Then, ion implantation with As* (35), for example, is carried out onto a part 
directly under the thinned Si0 2 film (42) to form the one electrode (25) of the additional 
capacitor. Subsequent to this, as shown in Fig. 4C, an Si 3 N 4 film (43) and an SiO, film 
(44) are deposited in order on the Si0 2 film (42). In this way, the gate insulation film (7) 
with the film thickness ti having three-layer structure is formed. Along with this, although 
being with the same three layer structure, there is formed the dielectric film (2ft) with the 
film thickness t 2 thinner than that of the gate insulation film (7). Furthermore, on the 
above structure, the second polycrystallinc silicon film (34) is formed over the whole 
surface. Then, as shown in Fig. 4D, the second polycrystallinc silicon film (34) is 
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patterned to form the other electrode (27) of the additional capacitor Cs, the gate electrode 
(8) of the switching thin film transistor (2), and the gate electrode (S) of the thin film 
transistor (23) in the scanning circuit section. Subsequent to this, ion implantation with 
As + (36), for example, is carried out to form the source region (6S) and the drain region 
(6D) of the switching thin film transistor (2). Along with this, there are iormed the source 
region (6S) and the drain region (6D) of the thin film transistor (23) in the scanning circuit 
section. Also in this way of manufacturing, the targeted active matrix substrate (29) is 
obtained which is formed with the switching thin film transistor (2) and the thin film 
transistor (23) of the scanning circuit section both having the gate insulation films (8) with 
the thickness t, 5 and the additional capacitor Cs having the dielectric Him (26) with the thin 
film thickness t 2 . 

According to the liquid crystal display device arranged as explained the above, in 
the active matrix substrate thereof, the gate insulation film (7) with the specified film 
thickness t t is formed in each of the thin film transistors (23) forming horizontal and 
vertical scanning circuits. This can reduce the gate capacitance, that is, the input 
capacitance to allow to reduce driving power. 

Meanwhile, in the additional capacitor Cs in the pixel section, although it is formed 
in the same process that forms the thin film transistors (23) and (2), the dielectric film (26) 
is thinner than the gate insulation film (7) to thereby make the capacitance per unit area 
thereof larger than the that of a gate capacitance. Therefore, the additional capacitor Cs 
can be obtained with a large capacitance value to ensure keeping of the voltage applied to 
the liquid crystal cell with resulting improvement in image quality. 

| Advantage of the Invention] 

According to the liquid crystal display device in the present invention, it is possible 
to make the input capacitance of the scanning circuit section small and the additional 
capacitance in the pixel section large. Therefore, it is possible to obtain an active matrix 
liquid crystal display device by which driving power can be reduced and, along with this, 
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keeping of the voltage applied to the liquid crystal cell is made ensured. 
Brief Description of the Drawings 

Figure I is a cross sectional view showing a principal part (an active matrix 
substrate) of an active matrix liquid crystal display device according to the invention. 
Figure 2 to Figure 4 are manufacturing process diagrams respectively showing examples of 
manufacturing active matrix substrates according to the invention. Figure 5 is a diagram of 
an equivalent circuit of one pixel in an active matrix liquid crystal display device, and 
Figure 6 is a cross sectional view of one pixel. 

Reference numeral (1) denotes the liquid crystal cell, (2) the switching thin film 
transistor, Cs the additional capacitor, (23) the thin film transistor forming the scanning 
circuit section, (7) the gate insulation film, (25) and (27) the electrodes of the additional 
capacitor, and (26) the dielectric film. 
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Fig. 1 

CROSS SECTIONAL VIEW OF THE PRINCIPAL PART SHOWING AN EXAMPLE OF 
THE LIQUID CRYSTAL DISPLAY DEVICE ACCORDING TO THE INVENTION 

(21) PIXEL FORMING SECTION 

(22) SCANNING CIRCUIT FORMING SECTION 
5 ... SUBSTRATE 

6D ... DRAIN REGION 
6S ... SOURCE REGION 

7 ... GATE INSULATION FILM 

8 ... GATE ELECTRODE 

2 ... SWITCHING THIN FILM TRANSISTOR 

22 ... SCANNING CIRCUIT FORMING SECTION 

23 ... THIN FILM TRANSISTOR 

24 ... POLYCRYSTALLINE SILICON FILM 

25 ... ELECTRODE 

26 ... DIELECTRIC FILM 

27 ... ELECTRODE 

Cs ... ADDITIONAL CAPACITOR 

Fig- 2(1) 
A 

24, POLYCRYSTALLINE SILICON FILM 
24 2 POLYCRYSTALLINE SILICON FILM 

B 

7 GATE INSULATION FILM 

25 ELECTRODE 

26 DIELECTRIC FILM 
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Fig. 2 

PROCESS DIAGRAM SHOWING FIRST EXAMPLE OF MANUFACTURING 

METHOD (1) 

C 

34 POLYCRYSTALLINE SILICON FILM 
D 

8 GATE ELECTRODE 
27 ELECTRODE 

Fig. 3(1) 
A 

38 ... SiO : FILM 

39 ... Si 3 N 4 FILM 

40 ... Si0 2 FILM 

Fig. 3 (2) 

PROCESS DIAGRAM SHOWING SECOND EXAMPLE OF MANUFACTURING 
METHOD 

Fig- 4(1) 

Fig. 4 (2) 

PROCESS DIAGRAM SHOWING THIRD EXAMPLE OF MANUFACTURING 

METHOD 

C 

42 ... SiQ 2 FILM 
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43 ... Si 3 N 4 FILM 

44 ... Si0 2 FILM 

Fig. 5 

EQUIVALENT CIRCUIT DIAGRAM OF ONE PIXEL IN LIQUID CRYSTAL DISPLAY 
DEVICE 

1 LIQUID CRYSTAL CELL 

2 SWITCHING THIN FILM TRANSISTOR 

3 SIGNAL LINE 

4 SELECTION LINE 

Cs ADDITIONAL CAPACITOR 

Fig. 6 

CROSS SECTIONAL VIEW OF ONE PIXEL IN LIQUID CRYSTAL DISPLAY DEVICE 

5 ... SUBSTRATE 

6 ... POLYCRYSTALLINE SILICON FILM 

7 ... GATE INSULATION FILM 

8 ... GATE ELECTRODE 

9, 10 ... INSULATION FILM 

1 1 ... TRANSPARENT PIXEL ELECTRODE 
6D ... DRAIN REGION 

6S ... SOURCE REGION 

12 ... LIGHT SHIELDING LAYER 

13 ... OPPOSITE ELECTRODE 

14 ... SUBSTRATE 

15 ... LIQUID CRYSTALL LAYER 
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